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Abstract

The frequancy ghifts of rhe ring-stretching acde of shock-compressed Lliquid
benzene and the IN gtretching msode of altromstnane have been msasured using co-
rerent snri-Stakes Mamsn ecattering. Shock pressurws 4p to il SPa weare achleved
usiag a two-etage light gas gno. The (frequancy shifred Raman signal was
generared ueing single pilse Nd YAC and broadband-type lasers.
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Wa have shown in pravious work
[1,2,3,4,5] that coharant optical scaitering
can be used to study the aicroscopic nature of
shock-compressed wolecular systeas. In thia
paper, the reaulrs of using Reflected Broad
Band Coherent Antri-Stokes Raman Spectroscopy
(RBBCARS) to measure the vibrarional
frequ ncies of the ring stretching mode of
benzene and the CN srretching wmode of
nitroserhane &t shock pressures up to li GPa

are reported.

A schemsric of the experimental app.ratus
is si.own ir FPig. 1. A two stage lignt gas -
was used ro accelerate a polycarbonare prsjec-
tile with li-em-thick AZJI8 majnesiim and D2«
alum'num {mpactors to s desired velucity. The
projrctile etruck an approx ' mately 2.e-am-
thick JDe-stainless-arael rarget slate
producing a shock rave which ran forwvara 1ints
[ 2.7 to J.}-mm-thick  benzene (ar
nitromethane) samrle. lower pressures vere
achieved using npresiously described te.h-
niques. 2,4] Stainiess stee was -_hosen as
the rarget plate because of 1ts ability ts
retain 1tc reflectivity under shock compres-
sion. Resgenr grade benzene Malifnckrade,
Inc.) and commercial grade nirromethene were
used. Standard data re’ rion teshnigues [6]
aging published shock-velocity, parri-
cle-velocity dara 7] were used r> derermine

rhe srate »f rhe ghoik-comprassed samples.
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Experiment design was grecrly facilitated
using the MACRAME one dimensional wave

propagation computer code. [8]

The timing sequence for the experimsnt
vas determined by the {incoming projectile.
The ianterupted sigoals from 3l | 18
laser/photodiode detector assemblies located
in the barrel approximately 2.8, 1.2, and
3.7 m from the carget, in conjuaction with an-
propriate time deiays, triggered the laser
flash lanps approximately 300 .s prior to
prcjecrile impact. A timse-of-arrival pin ac-
tivated just after the sho~k entered the
iiquid and anorher time delay served to
7-switch the laser approximately when the

shock wave arrived ar the quartz window.

Coherent anti-Stokes Raman Scattering
[4,9,10] was used to measire the gnifr in
vibrarional frequency. FPigure 2 shows rhe OMA
recorded e¢ignals f5r rhe ring-strert-hing mode
5f bLenzene ar preseures from ablent to
10,5 GPa. Up to pressures of apnroximarely
10 GPa, the spectral data show no evidence for
the preserice behind the shock 3f 4ecomposition
product epecies [11] {at concen:rations asbove
the 12-201 level} raving Raman actilve
rransi®fons witnin the vibrarional frequency
reg1an  sepanned by the gain profile o»f the dye

i1.e., between 800 anc 1100 cm™ !,
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The spsctrum shown for 10.06 GPa is different
than those oota’nel for lower pressures, in
that prelisinary results ueing a standard
snalyses for CARS data with a norescasnt back-
ground contritation (9] suggest more than one
specrral line will be required to fir the
data. Previous sork [12, 13] suggests cheuni-
zal rsacrion occurs for benzene at pressures
approaching 12 to 13 GPa. Results of analysia

will be presented in a2 future publication.

The RBBCARS spectrs for the O¥ strerching
wcde of nitromethane at pressures fros ambient
to 7.6 LPa are shown in Pig. 3. Ar S GPa the
existence of the CN mode at microsecond times
after shocking laplies thar decomposition of
the nitromethane has not occurred as has been
observed in staric high remperatuvre high
pressire srudies. [1-1 Messurements are
presently being extended to higher pressures
where nitromethane 18 thought o be reacrive
afrer very short shock run distances. [12,i5]
Prelimin.-y analysils indicate (ST rhe
frequency shifrs are comparable o those
abrained using spontaneous Raman scattering
for ritrosethane shocked to preassares of

5 GPa.  (19,'6]

These exrerimenrg are part of an effort
Jire. teq toward aunderstanding the dvnami.
behav.or and anergy rransfer wechanisms In
shoik-.sapressed aolecla~ systems. Wirk
shock-wave techniques. marariale can be
rapi4ly culeed 1. a welli cantrollad (aboratary
environment to ext reme pressuren and
raaparat.ites. Undet du h candiifcne,
inirasnlecular and intermolecular forces will
hava - hanged considerably and nonequilibri.um
vondit‘ong may be erpected. Themical L. havior
nay be dramatically different from th.r
axpectad on the bssie of either extrapolations

froe sebignt :rondiriong or thermodynamic aqui-
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orius phenosena. In those experimencs we have
neasurad the change of the vibrational
frequency of the ring stretch aode of benzene
and the CN stratch wode of nitrcwethane for

the shock-compressed liquide.

The authors wish ro thank C. W. Caldweil,
R. L. Eavenson, and R. S. Medina for their
agsisrance in performing the shock-compression
experiments and V., a. Surule, C. N. Gomer, and
R. W. Liviggston for machining and fabricarion
2% the target assemblies. Special thanks s
given to J. N, Prirz for use of the MACRAME
comjuter -ode used o design target

asseutlies.
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Schematic renresentation of the
reflected bdroadbsnd coherent anti-
Stokes Raman scatrering experiment.
SHG - second harmonic generator;
Harm. Sep.-harmonic separator; OMA -~
optical multichannel analyzer; Ssmple

- benzene and nitromethane.

RBBCARS spectra of ambient and
shock-compressed benzene. The
ambient peak position of the benzene
18 992 cal.  shock pressure are
indicated and the wavelergth calibra-~
rion is with respect to the 253.452 -

nm Hg line in second urder.

REBCARS specrra of ambien. and
shock-compressed aitromethane. The
ambient peak position Sf the afrrs-
mechane 1s 921 ca”!. Shock presgures
are indicared and wavelength calibra-
tior is with :(espect t5 the 253.5%2 ~

] Hg 1line 1ia second srder are

indicated.
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